Introduction
The expansion of the Tokyo Metropolian Area (TMA, defined as the combination of four prefectures, Tokyo, Kanagawa, Saitama, Chiba) in terms of relative shares of population and of economic activities had a great impact on the regional economy of Japan. The accompany ing land price hike and subsequent fall (by 20-30 per cent) caused big economic and social issues. Many scholars discussed this Tokyo issue but only in a rather fragmented way. The urban economics approach usually adopts a partial equilibrium approach, and analyzes the Tokyo issue independently from the global and national trends. Hatta (1983) discussed the urban congestion within the context of the national economy. Eskelinen (1985) and Petrakos (1989) demonstrated the influence of the international trade on the urban system in Finland and in developing countries. These are a few examples of studies with wider backgrounds. Thus in the past, many related topics like (1) city hierarchies or the Rank-size Rule, (2) hypergrowth of the primal city, (3) the optimum city size or city form, (4) the impacts of international trends to the regional economy, (5) the land price hike and others were discussed separately. The purpose of this project is to construct a general model of urban systems, and to discuss the Tokyo issue from a general equilibrium point of view. I want to answer to the following questions:
(1) Primal City Problem (PCP). The hypergrowth of the primal city has become a big social and economic issue in many countries. (see Rogers (1982) , Noe (1991) ). How can the expansion of Tokyo be explained?
(2) Rank-Size Rule. Whether PCP implies the breakdown of city hierarchies or the ranksize rule? Can we say that still Rank-Size Rule applies to Japanese cities? (3) Internationalization. How do the world trends affect the regional trends and urban systems as a whole? (4) Trends of land prices. How it is related to the changes in the whole urban system? (5) Saturation of TMA. Whether the TMA will approach the saturation point in the future? How high is the saturation level? In section 2, I estimate RSR and decompose the TMA population into two separate parts (production of primal goods and urban goods). In section 3, I estimate the saturation equation and also the land price equation of TMA.
Section 4 summarizes the findings .
Central Place Theory and Rank-Size-Rule
In 1933, Christaller found that there is an order of cities and the number of m-th order city (Nm) is given as exp (log(2)+(R-2)*log(3)).
His observation was for cities in Southern Germany.
In 1936, Singer wrote "the courbe des populations-a parallel to Pareto's Law" and claimed that between the population (PR) and the number of cities bigger than PR (R)
The estimates were bigger than unity for every advanced countries: 1 .30 (France, 1921), 1. 13 (England, 1921), 1.08 (Germany, 1925), 1.03 (USA (1920) , and 1.5884 (Japan). Thus "in Japan, there is less metropolisation than in France" (p. 260). The equation (1) is especially well fitted to the big cities in many countries.
In 1941, Zipf proposed a law to the effect that there is a loglinear relation between the R-th city and her population (PR) as follows when each city is numbered starting from primal city . Zipf's Law is usually called as the Rank-Size-Rule.
Singer's Pseudo-Pareto's Law was just the inverse of RSR . When C is assumed as unity, we call it Auerbach's Law. As Discussed by Berry-Garisson (1958) , there is a close relationship between RSR and Christaller's Law . Beckman-McPherson (1970) tried to modify this by adding the transport topology parameter . Higgs (1970) confirmed that RSR applies to the hierarchy at state level in USA . Rosen-Rosnick (1980) estimated the Pareto distribution using 44 contries' data and showed that the inverse of C is 1 .136 on the average so C is 0.88), and the fitting is better for the medium and smaller cities in USA or Soviet Russia . Alperovich (1984) negated two propositions that exp (B) show the population of biggest city and C to be unity. Parr (1985) supported a long-run U-shaped tendency of parameter (C) using historical data.
One of the most recent studies along the line of CPT is Suh (1991 Suh ( , 1993 . He started from the Christaller-Losch-type hierarchy model and deduced an optimum city distribution . He assumed that there are M goods, and the city of hierarchy m (with population s m) produces 1, m goods for herself and the surronding cities with lower hierarchies . There are nm cities in m-th hierarchy, and each city produces the GRP by ym . The demand for ym, measured in terms of money is am*Y (Y is GNP) . With some additional assumptions (exogenously given labor force rate, the existence of the agglomeration economy exists , but not the scale economy on the workers inelastic productivity) , he proved that (i) all hierarchies have the same weight in a national economy, (ii) the marginal contribution of workers must be the same among the same industries located in different cities , and among the different industries located in the same city. When the agglomeration exists, the average labor productivity (pim) in i-th industry in m-th hierarchy city is written as Thus the following relation must hold
The right-hand side is the ratio of per capita GRP of the city of hierarchy m to m-1. Suh defined an Optimality Index (OI) of urban system as the squared sum of the (4) (taking exponential) and the actual ratio of per capita GRP. He estimated a as 0.03-0.06, and found that OI is 2-3 times greater in Korea than USA. "The prime city's departure from the optimal size in Korea (9.4%) in far greater than in the United States (2.8%)" (Suh, 1993, p. 132 ).
Thus we can highly evaluate the good fitting of CPT in general, but CPT could not predict the trend of the primal city. Suh's study was an example for Korea.
For Japan we have anther examples. In the past, Sakashita (1979) negated the log-normal distribution and accepted the pareto distribution for 1960 and 1965 for Japan. Suzuki (1985) applied RSR to the Japanese cities over 50,000 in 1968. His results were as follows:
He also claimed the decomposability of RSR to subregions. But the primal city was always underestimated (see Figure 1 ). Let us confirm RSR according to the recent data. Below I refer to the Japanese cities of over 300,000 people in 1980 and in 1990. The primal city is Tokyo (23 wards). (8) and (10) we can not conclude any structural change, so the RSR of 38 cities was in general very robust.
(B) The slope coefficient was significantly smaller than unity. Thus, Auerbach's Law does not apply in Japan.
(C) We can compare the results between the pairs with and without the primal city, (8) and (9), (10) and (11), and (12) and (13) . When Tokyo is eliminated, both of the constant and the slope coefficient decrease.
This suggents that the share of the primal city was always underes (D) The relative errors sum for the TMA increased over the ten year period.
Thus the TMA as a whole is still expanding.
On the other hand, the relative error sum for KOH region decreased to a half. This implies that the trend of the TMA cities is the major origin of estimated errors.
So CPT is well explained by the urban system in general, but her prediction for the primal city became rather poor. How we can mitigate this gap?
Let us assume the there four type of goods: (1) life goods (X) which are the necessities for daily life (food, clothing, housing) and can be produced anywhere without the agglomeration effects, (2) urban goods (Yi) which are luxuries and produced with agglomeration effects in terms of population (highly processed manufactured goods with different designs and character istics, and urban services), (3) internal primal goods (ZD) including the administration service of central government, functions of headquarters of firms in the domestic market), and (4) international primal goods (ZI) including such functions as the information and transaction exchange on the international market).
The CPT basically deals with the economy which produces (1) and (2) . Thus CPT applied well to the countries in nineteenth century or in the pre-WWII period as shown by Singer and others.
But coming into the post-WWII period, the advanced countries went into the postindustrial society, in which the sufficient level of life goods is already secured, so the people try to consume more and more different kinds of urban goods. The industrial organization becomes more oligopolistic, and each firm specializes to produce a limited kind of products.
The transactions take the form of intra-industry trade in the domestic and international markets.
The agglomeration effects become more important, because the good desingns and the wide list of services needed by the big population. Internationalization greatly lifts the importance of the primal city. Let us define the development stage-I when a country basically produces goods (1) and (2), and the stage-II when she also produces and consumes (3) and (4). When we consider these recent trends in the post-WWII societies, we need to integrate CPT which explains the urban system producing (1) and (2) goods, with the primal city model which emphasizes the production of (3) and (4).
We assume that a country is in development stage-I. According to CPT (say, the formula tion by Suh), the production of R-th city (YR) with population NR can be specified as in which FRi stands for the production function of i-th industry (or firm) in R-th city, depending upon the input of capital (KRi), labor (LRi) and land (ARi). G (NR) stands for the agglomera tion effect. GNP (Y) is defined as the sum of YR. (15) Now when the country enters into stage-II, a specific part (say, B) of the population of the primal city engages in the production of ZD and ZI goods. So the GRP of primal city consists of the production of urban goods (Y1U) and of primal goods (Y1Z=Z=ZD+ZI).
In (16) and (17), I simply assumed that Bk or Bl or Ba portion of Kli, Lli and Ali are used in the production of U and others to Z, and Fli or Hlz is a linear homogeneous well-behaved function with K, N and A. Natsurally U-producing activity is not land-intensive compared with U-production.
Swanson-Smith-williamson (1974) discussed the relation of city size and the necessary inputs of public service. Here we look to the benefits of the supply of the public primal goods, and assume the concentration of production in the primal city. Now, the supply of primal goods (Z) has a spill-over effect on all cities, increasing the productivity.
The introduction of G (NR) to represent the agglomeration effect is often made in theoreti cal and empirical studies.
Montgomery ( 
Let us interpret (20) and (21) as the RSR (for urban goods production; RSRU). Then we can easily confirm that
So we have the following proposition:
Proposition 1. If a part of the primal city population is devoted to the production of the primal goods, and RSR for urban goods holds, then the share of the secondary city adjusted by (1-SN1) must be constant over-time.
We define the TMA (Four prefectures of Tokyo, Kanagawa, Saitama, Chiba) and KOH 
The results of regression of X with time trend (T) was as follows: So proposition 1 was supported at least after the 1970's. Thus, the decreasing tendency of the population share of KOH region (SKOH) does not imply the absolute decay of regional activity, but was caused by the increasing production of primal goods in the TMA region (and resulted increase of STMA). In this section I explicitly analyze the increasing tendency of the TMA share (STMA).
TMA share steadily increased until 1979, and temporarily decreased in 1980, and then once again started to increase. Let us assume a saturation equation, a revised version of Verhulst equation (1838) to express the movement of X by the Malthus's Law.
Its solution is the logistic curve and is as follows:
I estimated a similar formula: 
The values of POGTMA, the actual TMA and the saturated level (SOMA-SAT) are as follows:
Trend of Potential Growth and Saturated Level
Then there is the following proposition.
Proposition III. The potential growth capacity implies the difference between the saturat ed level and actual level of the TMA population share. It also reflects the changing trend of international economy and of the Japanese economy. It also follows a decreasing curve, but shifted upward slightly after the first oil-shock, and greatly after the second oil-shock.
If POGTMA properly represents the actual expectation, it must influence the basic indica tors of TMA economy.
I also include the land price equation which explains the growth rate (RPLTMA) of the land price of the TMA region. The land price was taken from Kojichika, which was published after 1970, so the estimation period is 1971-1990. The TMA serves as the primal city in Japan. Thus, its important function is to supply the primal goods which are prerequisites to widen the domestic and international transactions. In these years, we have been faced with the Tokyo problem; for example, "why and how the TMA population grows "or" why the land price drastically changes?".
It is important to incorporate the such relationships within analysis of the trends of the macro economy and the T . FUKUCHI TMA economy.
In this paper, I tried to fill this gap by analyzing RSR and Saturation equations for the TMA. My main findings are as follows : - (1) In general , the Rank-Size-Rule fit well with the data of 38 (or 45) major citiesin 1980 and in 1990. Thus in a sense, the relative contribution of each major city was quite stable . Auerbach's Rule does not apply.
- (2) But the sum of errors of 12 major cities in the Tokyo Metropolitan Area amounted to 13.56 per cent in 1980, and increased to 17.45 per cent in 1990 , while 10 cities in Kyto-Osaka
Hyogo region suffered smaller error sum of 9.61 per cent in 1980 , with the sum even decreasing to 3.85 per cent. This implies that RSR applies quite well to major cities out of the TMA , but applies poorly to the TMA region. It suggests that the relative shares of other major cities remained stable, and only the TMA share increased , because a bigger part of the TMA population became engaged in producing primal goods, which are indispensable public goods that increase overall productivity. If this interpretation is correct , the share of KOH region (adjusted by unity minus TMA share) must be stable over-time. This is confirmed following the 1970s.
- (3) A ssuming that the primal -goods-producing function of TMA essentially increased in the 1980s, with 38.9 or 61.1 (per cent) of the TMA population engaged in producing primal goods and urban goods. Roughly one-third serves to produce the public goods for the whole of Japan.
- (4) We divide the three periods by the two oil -shocks : 1960-71 , 1972-79 and 1980-90.
The Japanese economy experienced big restructuring with the two oil-shocks . Therefore the primal-goods-producing function of TMA had to change in these three periods. I applied a saturation equation of TMA share with two oil-shock dummies, and found that the saturated level was 0.2545, 0.2563 and 0.2340 for three periods . Thus, the restructing of Japanese economy resulted in an increase in the expected role of TMA economy .
- (5) When the growth potential of the TMA is defined as the difference between the saturated level and the actual level, this is decreasing over time , but shifted up in two oil shocks. This growth potential variable confirmed a significant positive contribution in the land price equation. The TMA land price changes based upon (i) the monetary variables (interest rate and consumer's price index), (ii) the short-term population pressure (increment of actual TMA share and related population increase) and (iii) the future growth potential .
- (6) In summary , the trend of TMA share is described as shown in Figure 3 . It follows the dynamic saturating growth path. Because this growth path shifts according to shocks , we can say that the TMA share follows a comparative dynamic growth path . The understanding and analysis of this basic trend is important , before we engage in the various partial equilibrium analysis which treats each city independently . In a growing economy like Japan, the primal city expands in terms of absolute and relative size and the RSR only applies to the city hierarchy for urban goods production.
This is a part of continuing study of Tokyo following Fukuchi (1987) . The Tokyo issue can also be approached by other methods . is an example of simultaneous econometric models of eight equations using the data of 1955-80 , which predicted tive. Taylor (1986) marged the spatial unility equilibrium with the producer's profit maximiz ing behavior. New types of market models are emerging. Fujita (1993) and Krugman (1993) offered a model of urban system through monopolistical competition.
A North-South model like Falkinger (1990) may also apply for the city system. There are vast number problems yet to be solved. 
